We investigate the dynamics of a predator-prey model with infectious disease in the predator species. The population is divided into three classes, namely prey, susceptible predator and infective predator. We also consider a prey refuge and predator harvesting in the model. The predation rate and the growth rate due to predation of the infective predator are assumed to be smaller than those of susceptible predator. It is found that the model has five equilibrium points, i.e., the extinction of all population equilibrium, the predator extinction equilibrium, the susceptible predator extinction equilibrium, the infective predator extinction equilibrium and the coexistent equilibrium. The extinction of all population equilibrium is unstable, while other equilibrium points are asymptotically stable with certain condition. Such analytical finding is confirmed by some numerical simulations.
Introduction
One of the most important, interesting and challenging models in biological system are the interaction among species in the predator-prey relationship. There are prey, susceptible predator, infective predator and  is the contact rate between the susceptible and infective predator. Here a is the predation rate and b is the predator growth rate ( b a  ). 1 q and 2 q are the harvest rates of the infective and susceptible predator respectively, while m ( 1 0   m ) is a constant (which describes the ability of the prey to use constant refuge). They showed that constant refuge may lead to a situation which ensures the continuity of all populations and sustainability of the harvested species and controlling the disease such that endemic cannot occur. Later, Trisdiani et. al. [12] modified the model in [14] by assuming that the harvesting of susceptible predator is of the form of Holling functional response type II. They showed that the harvesting of susceptible predator can maintain the existence of all populations, and harvesting of infective predator can be used as a biological control to prevent the spread of the disease.
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When considering a predator-prey system with infectious disease in the predator, it is naturally assumed that the infective predator has lower predation rate than that of susceptible predator. Consequently, the growth rate due to predation of susceptible predator will generally be higher than that of infective predator. To study the effects of different predation rates, the authors have modified model (1) by introducing different predation and different growth rates due to predation of susceptible and infective predator as follows [11] : 
The authors have shown numerically that that different predation rate and predator growth rate may change the existence and stability of equilibrium point [10] . In this paper, we study the dynamical properties of model (2) analytically.
Equilibrium points: existence and stability
In this section we study the existence and stability behavior of model (2) at various equilibrium points. The equilibrium points of model (2) 
The Jacobian matrix of model (2) 
is given by: (v). The Jacobian matrix at the coexistent equilibrium (4), (5) and (6) .□
Numerical simulations
To support our theoretical results, we perform some numerical simulations of system (2) . For the first simulation, we take parameters , 
E
. Notice that the predation rates of susceptible and infective predator are the same. The growth rate (due to predation) of susceptible predator is also the same as that of infective predator. It can be checked that only the coexistent equilibrium point 5 E satifies the stability condition and other equilibrium points are unstable. In Figure 1 we plot the solutions of model (2) using some different initial values. It can be seen that all solutions converge to 5 E as predicted by our theoretical results. Hence, the infection will be endemic in the predator population. Next, we consider model (2) with the same parameters as previous case except the predation rates and the growth rate of predators (due to predation), i.e., ,
Here we find that model (2) (2) E is asymptotically stable. This behavior is clearly seen in Figure 2 . It shows that reducing the value of predation rate and the growth rate (due to predation) of infective predator may lead to the extinction of infective predator. In other words, the disease disappear in the population of predator.
Finally, to see the effects of harvesting, we perform simulation using parameters as used in Figure 2 but E is asymptotically stable. This phenomenon shows that the extinction of infective predator is prevented and prey, susceptible and infective predators co-exist in the system. The stability of 
Conclusion
In this paper, a predator-prey model with prey refuge and predator infection and harvesting is discussed and analyzed. Particularly we derive the existence of all possible equilibrium points and their stability properties. There are five equili-
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brium points, i.e., the extinction of prey and predator, the extinction of predator, the extinction of susceptible predator, the extinction of infective predator and the coexistent equilibrium point. It is found that the extinction of prey and predator is always unstable while others is conditionally asymptotically stable. It is also found that a smaller values of predation rate and growth rate (due to predation) of infective predator than those of susceptible predator may lead to the extinction of infective predator. However, reducing the harvesting rate of infective predator will increase the prevention of infective predator extinction such that all population survive.
